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This paper explores the extension of the CORE 
VRE SOA to a collaborative virtual teaching and 
learning environment (CVTLE) SOA.  Key points 
are brought up to date from a number of projects 
researching and developing a CVTLE and its 
component services.  Issues remain: there are 
few implementations of the key services needed 
to demonstrate the CVTLE concept; there are 
questions about the feasibility of such an 
enterprise; there are overlapping standards; 
questions about the source and use of user 
profile data remain difficult to answer; as does the 
issue of where and how to coordinate, control, 
and monitor such a teaching and learning system. 
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The Collaborative Orthopaedic Research 
Environment (CORE) is a Virtual Research 
Environment (VRE) project funded by the 
Joint Information Systems Committee (JISC) 
of the Higher Education Funding Council for 
England [1], [2].  This paper explores the 
possible extension of the CORE VRE to a full 
collaborative virtual teaching and learning 
environment (CVTLE) employing a service-
oriented architecture (SOA), and considers 
some of the issues involved. 
1 The CORE VRE project 
 The CORE VRE project has developed a 
Web service based demonstrator for 
supporting the collation and analysis of 
experimental results, the organisation of 
internal project discussions, and the 
production of appropriate outline documents 
depending upon the requirements of 
conferences and journals selected for 
dissemination. In the context of orthopaedics, 
experiments can be multi-centred clinical 
trials that involve analysis of large data sets, 
documentation needs to be written 
collaboratively, and experiments need to be 
managed and co-ordinated for 
geographically dispersed researchers. 
 The service-oriented architecture of the 
CORE is illustrated in Figure 1.  The user 
accesses the virtual collaborative 
environment through a portal framework.  
Portlets within this framework provide for 
authentication, authorization, management of 
the user profile data, and workflow 
management of the experimental or research 
protocols and processes.  From the portal 
framework, the user’s needs for collaborative 
discussion, paper editing, data management 
and analysis, and GRID applications are 
provided by appropriate generic Web 
services. 
 
 
 
Figure 1:  CORE architecture 
 
 CORE provides the basis for integrated 
computer support across both the research 
and educational domains, because these 
activities are intrinsically coupled as a part of 
the requirements of the orthopaedic 
surgeon's Continuing Professional 
Development. 
2 From VRE to CVTLE 
The extension of the CORE VRE SOA to a 
full collaborative virtual teaching and learning 
environment (CVTLE) is illustrated in Figure 
2.  We keep the terminology of ‘portal 
framework’ to describe the gateway interface 
between the student’s client browser on the 
one hand and the various teaching and 
learning services which can be accessed on 
the other. 
 
 
 
Figure 2:  CVTLE architecture 
 
 The CVTLE architecture of Figure 2 
illustrates the relative ease with which the 
services required by a teaching and learning 
application can in principle be added to a 
SOA. To the collaborative virtual research-
oriented services of the CORE can be added 
teaching and learning-oriented services of 
questions, tests, and examinations (QTI 
renderer), collaborative lesson content 
sequencing (LD player), student’s personal 
portfolio, chat room, and so on, resulting in 
the CVLTE. 
 The influential paper of Wilson et al. [3] 
discusses in detail the advantages of using 
service-oriented architectures.  In this 
context the following particularly apply: 
• Appropriate services can be used as 
required with new services being relatively 
easy to integrate. 
• Third party services can easily be 
incorporated into the application as required. 
• The relative ease with which services can 
be incorporated means there is less danger 
of technology ‘lock in’. 
 In making these service additions, 
however, some issues arise, and it is the 
purpose of this paper to identify these issues 
and the need for research and development 
work to address them. 
 Existing learning environments such as 
Moodle, LAMS, Blackboard, and Sakai offer 
feature sets similar to the CVTLE of Figure 2, 
but they are not implemented as SOAs and 
do not adhere to any relevant standards for 
portals and portlets such as WSRP [4] and 
JSR168 [5]. Finally, in moving the CORE 
VRE to a generalised CVTLE, we find that 
each service requires an adapter [6] to 
support the communication between the 
Teaching and Learning control and the 
service involved. This point is elaborated in 
3.6 below. 
 The presentation and discussion of this 
paper brings the key points up to date from a 
number of similar reviews, in particular that 
of Olivier [7] where the components of a 
CVTLE (called a learning design runtime 
architecture) are outlined and explored in 
detail. 
3 Teaching & learning services 
3.1 QTI renderer 
The JISC-funded Assessment Provision 
through Interoperable Segments (APIS) 
project [8] has delivered open source code 
libraries for QTI v2.0 item rendering.  R2Q2 
[9] is a newly-started JISC-funded project to 
exploit and extend the APIS material and 
provide QTI v2.0 Web services for any 
teaching and learning environment.  The 
R2Q2 project aims to produce a complete 
engine to render and respond to all QTI v2.0 
question types.  The engine, illustrated in 
Figure 3, will be wrapped as a Web service 
so that it can both integrate easily into the 
JISC e-Framework [10] and be exploited by 
other SOA applications such as those 
envisaged by the CVTLE. 
 
 
 
Figure 3:  R2Q2 service 
3.2 Learning design player 
The IMS Global Learning Consortium 
standard for learning design (LD) is currently 
accepted as the standard to which teaching 
and learning environments should aspire.  
Coppercore is an open-source 
implementation of a LD engine or player 
which can be wrapped as a Web service, and 
can be integrated with other Web services [6].  
Coppercore is not itself a Web service, 
however, and the JISC-funded Service-based 
Learning Design Player (SLeD) project [11] 
has achieved some initial success in 
providing an alternative.  However, Weller’s 
critical review [12] provides some warnings 
about the difficulties involved in a thorough-
going SOA for the CVTLE. Although the 
endpoint may be desirable, the effort required 
to reach it may prove to be prohibitive. 
3.3 Student personal portfolio 
A student using the CVTLE would expect to 
maintain an independent ‘personal portfolio’, 
and would need the CVTLE to access and 
add to this personal portfolio as required. 
 A number of organisations are drafting 
standards for student portfolios.  The IMS 
standard, for example, provides for a 
considerable list of items that might be 
included in such a portfolio, such as works 
created by the student, information about 
these works, information about the 
competencies, achievements, and 
preferences of the student, the results of 
tests or examinations, and so on. 
 To function within the SOA of the CVTLE, 
personal portfolios would need to be 
implemented as a service.  The JISC-funded 
eP4LL project [13] is developing a service-
oriented reference model for e-portfolios, but 
this is not currently scheduled to yield 
implemented services. 
3.4 Enterprise administration 
There are three identified areas where user 
(student) data is required by the CVTLE:  the 
personal portfolio, the enterprise (university, 
college, school, etc) administration, and the 
user profile. 
 The enterprise administration service 
would be required to provide data about the 
student such as their group memberships 
and their course registration and enrolment, 
and to store data such as the results of their 
test, examinations, or assignment marks.  
The IMS standard  for enterprise services 
provides for student membership and 
enrolment data.  The standard notes the 
requirement for grade-book services (record 
keeping of marks and assessment results) 
which are presumably to be incorporated into 
the next version of the standard.  That this is 
a developing area is shown by the fact that 
the IMS student personal portfolio standard 
also makes provision for recording student 
marks and the results of examinations.  As 
database administrators are all too aware, 
holding the same data in two separate file 
systems is not considered good practice.  
Again, given these service standards, 
services need to be written so that a CVTLE 
can access this data. 
3.5 User profile 
The user profile data is held within the portal 
in the CORE, since the applicable community 
is small and stable.  From this local data 
store, authentication, user management, and 
simple workflow control are easily provided.  
For the CVTLE, however, data relating to the 
user (student) profile is held externally, for 
example in the student records system of the 
enterprise. 
 The IMS student portfolio standard, 
discussed earlier, makes provision for 
holding certain student data such as learner 
preferences.  The IMS enterprise services 
standard makes provision for holding 
authentication data that can identify, for 
example, whether a given student is 
permitted to access or to study given courses 
or materials.  The ‘user profile’ requires both 
of these kinds of data to be accessible to the 
portal in order for the CVTLE to offer the 
appropriate, if not adaptive, teaching and 
learning services. 
3.6 Control of teaching & learning 
If the major teaching and learning workflow 
of the CVTLE is specified by its learning 
designs and is managed by the LD player, 
there remains a need to manage and monitor 
the student’s use of the offered learning 
designs, the scheduling of tests and 
examinations, recording the times and 
sequence in which materials are exchanged 
with the repository and the personal portfolio, 
and so on. 
 The need for such management is 
identified in Figure 2 as ‘Teaching & Learning 
control’, and is uncomfortably close to the 
need for some kind of overview workflow for 
the CVTLE.  This control layer is what Olivier 
[7] calls the setup and scheduling manager, 
what Vogten [6] calls the services integration 
layer, and what McAndrew [14] calls the 
services broker/dispatcher.  It is the issue of 
Web services orchestration: coordinating 
asynchronous interactions, controlling flow, 
monitoring activities. 
  Figure 4 illustrates the communication 
between the teaching and learning control, 
portlets, and services. The teaching and 
learning control communicates with a service 
via an adapter or portlet. It is probable that 
the teaching and learning control connects to 
the portlet by using JSR 168 [5] while SOAP 
[15] is used for the communication between 
the portlet and the service. 
 
 
Figure 4:  The connections of LD Player and 
R2Q2 QTI services to CVTLE 
3.7 Repository 
The CORE system used the Southampton 
University ePrints as its repository of 
research articles and reports in both draft 
and final form.  While this system worked 
well (a service wrapper to ePrints was 
developed specifically for CORE), a more 
general approach to repositories is required. 
 Where the CORE VRE repository was 
oriented towards articles and papers, and 
experimental data sets were held separately 
by a data manager service, the CVTLE 
requires a general-purpose repository which 
additionally holds learning designs, questions 
and tests, and other teaching and learning 
materials. 
 The JISC funded the flag-ship Online 
Repository for Learning and Teaching 
Materials (JORUM) project which supports 
IMS Content Packaging and multiple 
metadata profiles, including the UK LOM 
Core, but this was not a service-oriented 
implementation.  To move towards such an 
implementation, JISC have funded the 
Accessing and Storing Knowledge (ASK) 
project to build a SOA reference model and a 
demonstration implementation. 
4 Conclusions 
The CORE is a service-oriented VRE which 
has been successfully demonstrated.  Its 
natural extension to a collaborative virtual 
teaching and learning environment, while 
relatively easy to show on paper, is less 
certain.  Future work should address the 
following issues for a CVTLE. 
 
• There are few implementations of the key 
services needed to demonstrate the CVTLE 
concept, though the R2Q2 project is 
developing a QTI service. 
• The implementation of the SLeD service-
oriented learning design player has raised 
questions about the feasibility of such an 
enterprise. 
• Overlapping standards, particularly in the 
areas of personal portfolio and enterprise 
services, and also between IMS QTI and IMS 
LD, need resolution. 
• Key questions about the source and use 
of user profile data remain difficult to answer. 
• Finally, there remains the issue of service 
orchestration, coordinating, controlling, and 
monitoring the teaching and learning 
process. We purpose portlet adapters as a 
generalisation of the individual proposals in 
[6] and [14]. 
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